Abstract: We conducted a study on time budget and fatigue feelings over a two-month period of 12 non-employed, home-based female workers using computers (mean age 35.2 yr). All of them had at least one preschool child. The actual amount of work done by these women and the related effects on the fatigue feelings and sleep were investigated. The results showed that the work done was characterized by involving many night hours, irrespective of the day of the week. The degree of subjective fatigue was not dependent on the number of hours worked, but affected by the time at which the work of the day was completed. This tendency was notable after one o'clock in the morning when the work was completed. Those who followed such a work pattern took daytime naps, although a quality of the subsequent nighttime sleep taken might be poor. They took a nap around 14:00 but not around 19:00. The sleep strategies were thus shown to be affected by home-based work. A need is suggested to support these workers in adjusting work time distribution and taking sleep patterns adapted to individual conditions.
Introduction
During the past decade, information technology (IT) has grown rapidly, thereby giving an opportunity to work for individuals categorized into the so-called disadvantaged and vulnerable workforce, including many women, the elderly, and the handicapped. This is the case in particular, for Japanese women who tend to devote themselves to child care, even if they had a job before their marriage 1) . This is indicated by a decrease in the rate of labor force participation for women falling in the 30-34 year-old age group. On the other hand, the 20-24 age group and those aged 45-49 have higher participation rates 2) . However, since the advancement of IT has made it possible for women to work at home while rearing children, the number of home-based female workers is dramatically increasing. This increase has greatly changed the proportion of the female participations in the current labor force. The Ministry of Land, Infrastructure and Transport estimated in 2003 that the number of non-employed, homebased male and female workers working with computers for 8 h or more per week amounted to about 970,000 3) . However, in view of the fact that working at home disturbs the balance between work and family affairs because of the lack of physical and mental borderlines between them, its adverse effects on home-based workers are a matter of concern. It is therefore necessary to clarify the working patterns of home-based female workers and their potential effects on fatigue and sleep of these workers, with a special attention paid to the work-lifestyle balance issues faced by these workers.
In this study, the daily working patterns of non-employed, home-based female IT workers and their relation to the degree of fatigue feeling were examined. 
Methods

Subjects
The present study was conducted over a two-month period beginning in October through December 2002. The participants in this study were 12 women of age 30 or more registered at a freelance agency. The criteria for participating in the study were: (1) home-based work using a computer, (2) married to a husbands employed full-time, (3) having two children, (4) including a preschool child less than 6 years old, and (5) a nuclear family living separately from their parents or parents-in-law. Explanation of this study was given to the participants through e-mail prior to the study. All participants were given informed consent before entering the study. Ethical approval for the study was obtained from the Institute for Science of Labour. Participants were given a payment of 50,000 yen at the end of the study. They filled in the present questionnaire in an electronic file format (excel, Microsoft) since they were familiar with using a computer, and were instructed to send their e-mails to a research staff member before going to bed every day. The investigator checked the questionnaire, and contacted the participant regarding any items required clarification.
Time budget study Table 1 shows the items included in the time budget study. A sheet of paper on which 13 kinds of items related to daily life activities were printed in the first column was used. The subjects were asked to recall and fill in the activities done during each 15-min interval to cover all the 96 intervals corresponding to the 1,440 min of the day. Given that the participants had a variety of jobs, the home-based work was divided to four kinds of work. The following 17 items were shown on the sheet: (1) sleep or nap, (2) housekeeping, (3) eating, (4) child rearing, (5) home-based work using a computer 1, (6) home-based work using a computer 2, (7) home-based work using a computer 3, (8) home-based work using a computer 4, (9) home-based work not using a computer (e.g., making arrangements via telephone), (10) studying, (11) taking a bath, (12) hobby or amusement using a computer at home, (13) hobby or amusement not using a computer at home, (14) hobby or amusement in places other than home, (15) movement, (16) exercise including taking a stroll, (17) social activities (e.g., hospital visits, going to a temple or shrine, community work).
For the time budget study, participants were instructed to fill in entries in the questionnaire with the number corresponding to their activities. When their activities did not fit any of the 17 items presented in the questionnaire, the participants left the box blank. When special circumstances, such as a long-term trip or a long-term illness, occurred, they were required to make a detailed note at the bottom of the questionnaire sheet. When they were involved in more than one activity at the same time, only the priority item was required to be entered. For example, when they were eating while assisting their child in eating, "eating" would be marked in the questionnaire instead of child-rearing. When it was difficult for them to determine the priority of activities, they were required to make a note concerning the reason. In such cases, the investigator determined the priority and filled in the questionnaire. Furthermore, they were instructed to fill in the questionnaire after each and every activity had finished. If not possible, they were requested to fill in the questionnaire at least three times a day, but not to fill it out before going to bed. Non-ordinary days, such as those when the participant was ill or was on a trip, were excluded from the data for the time budget analysis. Holidays shown in the context, figures, and tables meant Saturday, Sunday, and national holidays. The other days were regarded as weekdays. Four kinds of work using a computer were combined into one item "work using a computer". A blank box was regarded as "other activities." Thus, we showed 15 items related to daily activities (see Table 4 ).
Study of the fatigue feelings
The study of fatigue feelings was conducted using the "Jikaku-sho shirabe 4) ", a questionnaire produced by the Research Group of Industrial Fatigue, part of the Japan Society for Occupational Health (Table 2) , and designed to assess the fatigue of workers. This consisted of a total of 25 items, including five factors (Factors I-V), which were drawn from factor analysis, and a further 5 subordinate items for each of these five factors. These five factors were: feeling of drowsiness (Factor I), feeling of instability (Factor II), feeling of uneasiness (Factor III), feeling of local pain or dullness (Factor IV), and feeling of eyestrains (Factor V). Responses from the respondents were measured on a fivepoint rating scale from "disagree completely, (1 point)" to "agree strongly (5 points)".
For the study of fatigue feelings, they were requested to fill in the questionnaire twice a day, i.e., before work in the morning, and after finishing work at night, together with a note of the time.
Statistical analysis
Only complete data both in the morning and at night were analyzed as the data concerning feelings of fatigue. Total points (maximum: 125 points) were obtained by adding points for all items, and defined as the perceived level of fatigue. The "degree of recovery from fatigue" resulting from nighttime sleep was determined by reducing the fatigue score at the previous night by that in the following morning. The daily "degree of accumulated fatigue" was determined by reducing the fatigue score in the morning by that at the following night. Thus, the smaller the fatigue score, the greater the degree of the recovery from fatigue. On the other hand, the larger the fatigue score, the greater the degree of accumulated fatigue. Data are shown as the mean ± standard error (SE).
In this study, the Student's t-test, one-way ANOVA, Wilcoxon's signed rank sum test, Friedman test, and Pearson's product moment correlation analysis were used for statistical analysis. A p value of less than 0.05 (two-tailed) was considered significant. When a main effect was noted in the one-way ANOVA, Turkey's HSD for post hoc analysis was used. When significant differences were observed by the Friedman test, Steel-Dwass procedure 5, 6) was used; a p value of less than 0.05 (two-tailed) was also considered significant. SPSS 12.0J for Windows (advanced version) was used for all statistical tests except for Steel-Dwass procedure. Table 3 shows the attributes of the participants. The mean age of the subjects was 35.2 yr (range: 29-44). The mean age of their spouses was 35.3 yr (range: 28-42). The average hourly wage for home-based work using a computer was 478.1 yen (range: 128-1,095 yen). This was lower than the nationwide average value (639 yen) of minimum hourly wages for employed workers in enterprises in 2002. On the contrary, the average annual income of their spouses last year was 5.5 million yen, which was higher than the average annual income (3.47 million) for regularly employed male workers in Japan in 2002. Table 4 shows the data for 15 different activities during the two-month period of this study. The average durations of time spent per day is given for weekdays and holidays separately. Data for 516 person-days on weekdays and 225 person-days on holidays were used. The top five activities in terms of the time spent per day were sleep, housekeeping, work using a computer, eating, and child rearing, in that order. The longest duration spent on holidays accounted for sleeping, followed by housekeeping, work using a computer, eating, and hobbies or amusement not using a computer at home, in that order. The average sleep hours per day were 411.7 ± 16.0 min on weekdays and 471. The length of hobbies or amusement in places other than home was about 40 min longer on holidays (69.0 ± 15.8 min) than on weekdays (28.9 ± 6.1 min), with a statistically significant difference (t [11] = -2.768, p=0.018). However, it was notable that there was no statistically significant difference between the length of work using a computer on weekdays (162.0 ± 28.6 min) and that on holidays (153.5 ± 29.1 min).
Results
Attributes of the participants
Time budget on weekdays and holidays
Weekday and holiday distribution of work time using a computer Figure 1 shows hourly changes of the relative frequency (%) of those engaged in work using a computer on weekdays and holidays. The mode of this relative frequency for work time using a computer was found in 21:00-22:00 both on weekdays (30.8%) and holidays (31.8%). The relative frequency for work using a computer during 08:00-09:00 was 7.5% on weekdays and 2.1% on holidays; for 09:00-10:00 it was 11.5% on weekdays and 5.2% on holidays; and for 10:00-11:00 it was 17.1% on weekdays and 11.3% on holidays. It was found that the frequency was only moderately higher on weekdays than on holidays. However, there was no statistically significant difference revealed by Wilcoxon's signed rank sum test between the work time distribution on weekdays and that on holidays. The median frequency for work time was found during 16:00-16:15 on weekdays and 16:45-17:00 on holidays, the median levels revealing no statistically significant difference.
Work hours using a computer and the "degree of accumulated fatigue"
There was no significant correlation between the length of work using a computer a day and the "degree of accumulated fatigue" felt at night after work (Pearson's product moment, r=0.063, p=0.081). There was also no significant correlation between the work hours restricted to days when a computer was used and the "degree of accumulated fatigue" (r=0.012, p=0.79). Thus, we reanalyzed the correlation between work hours and the "degree of accumulated fatigue" by examining the data for the day when a computer was used (n=291) or and those when it was not used (n=450) and four time points by quartile at the end of work (-21:00, 22:00 to 23:00, 24:00, 25:00+). As shown in Fig. 2 , the effect of the time points at the end of work using a computer was clearly noted (one-way ANOVA, F [4, 736] =6.151, p<0.001). The results by Turkey's HSD showed significant differences between the "degree of accumulated fatigue" associated with 25:00 at the end of work (p=0.011) and the other time points (p<0.001 for *Including day off in home-based working period using a computer. P values were calculated by student's t-test for comparison between weekdays and holydays.
Fig. 1. Hourly changes of the relative frequency of home-based workers engaged in work using a computer for weekdays and holidays.
There were no significant differences between their median by Wilcoxon's signed rank test. Upper: Weekdays (n=516 person-days); Bottom; Holidays (n=225 person-days).
-21:00, p=0.009 for 22:00 to 23:00, p=0.029 for 24:00). And also, time points at the end of work had a main effect on work hours (F[3,446]=56.357, p<0.001). However, post hoc analysis did not show statistical differences only between work hours associated with 24:00 at the end of work and that associated with 25:00 at the end of work (p=0.097).
Daily frequency of sleep, the length of nighttime sleep (main sleep), and the effect of main sleep on the "degree of recovery from fatigue"
There was no significant correlation between the length of a main sleep and the effect of a main sleep on the "degree of recovery from fatigue" (Pearson's product moment, r= -0.072, p=0.089). Thus, we reanalyzed the correlation between the average length of the main sleep and the effect of the main sleep on the "degree of recovery from fatigue" according to the daily frequency of sleep, considering a nighttime sleep and naps (Fig. 3) . In addition to the main sleep, the participants took one to three naps a day; however, because only four subjects took three naps in addition to main sleep, data from these cases were excluded from this analysis. Thus, 530 person-days (71.5%) for subjects taking only a main sleep, 181 person-days (24.4%) for those taking a main sleep plus one nap, and 26 person-days (3.5%) for those taking a main sleep plus two naps were used for the analysis. Consequently, the length of a main sleep was 412.5 ± 4.2 min for those taking only a main sleep, 373.7 ± 9.7 min for those taking a main sleep plus one nap, and 313.3 ± 25.9 min for those taking a main sleep plus two naps (first nap and second nap). The results of one-way ANOVA showed that the frequency of sleep had a main effect on the length of a main sleep (F[2,734]=17.52, p<0.001). The analysis by Turkey's HSD showed that there were statistically significant differences between all the length of a main sleep associated with the frequency of sleep (p<0.05). The "degree of recovery from fatigue" affected by a main sleep was -4.7 ± 0.5 points for those taking a main sleep alone, -2.0 ± 0.8 points for those taking a main sleep plus one nap, and 1.0 ± 1.6 points for those taking a main sleep plus two naps (first nap and second nap). These statistical tests showed that there was a significant effect of the sleep frequency (F[2,734]=7.502, p=0.001). The post hoc analysis showed that there were only significant differences between the days of a main sleep alone and the days of a main sleep plus one nap (p=0.019), and between the days of a main sleep alone and the days of a main sleep plus two naps (p=0.007). Figure 4 shows the relationship between the total length of sleep per day and the "degree of accumulated fatigue" per day according to the sleep frequency. The total length of sleep per day, including a main sleep plus one or two naps, was 469.6 ± 9.6 min for those taking a main sleep plus one nap and 511.7 ± 26.3 min for those taking a main sleep plus two naps. The sleep frequency had a main effect on the total length of sleep per day (one-way ANOVA, F[2,734]=27.077, p<0.001). The analysis by Turkey's HSD showed that there were statistically significant differences between the days of a main sleep alone and both the days of a main sleep plus one nap (p<0.001) and the days of a main sleep plus two naps (p<0.001). The "degree of accumulated fatigue" per day was 4.2 ± 0.5 points for the days of a main sleep alone, 3.3 ± 1.0 points for the days of a main sleep plus one nap, and -1.4 ± 1.5 points for the days of a main sleep plus two naps. The statistical tests showed that the frequency of sleep had a main effect on the "degree of accumulated fatigue" per day (F[2,734]=3.196, p=0.041). The post hoc analysis showed that there was a statistically significant difference between the days of a main sleep alone and the days of a main sleep plus two naps (p=0.04) and between the days of a main sleep plus one nap and the days of a main sleep plus two naps (p=0.047). When the participants took a nap in addition to a main sleep, the average length of the nap was 95.9 ± 4.8 min. When they took two naps, the average length of the first nap was 120.6 ± 15.4 min and the average length of the second nap was 77.9 ± 9.4 min. 
Frequency of sleep, total length of sleep, and the "degree of accumulated fatigue" per day
Frequency of sleep per day and the distribution of main sleep/nap time
Discussion
In this study, we examined the actual conditions of nonemployed, home-based female workers using a computer and taking care of preschool children, to know the influence of their work patterns on the perceived level of fatigue and sleep. The efficacy of sleep taken was considered to play a pivotal role in the recovery from as well as accumulation of fatigue. The results of the study showed that the participants worked during the night hours, irrespective of weekdays or holidays. The average daily working hours for the participants was three hours or less, much shorter than that for regularly employed workers in enterprises in Japan. This may be explained by the fact that the job of these nonemployed workers was based on the registration system and that it was not necessary for them to work regularly. The average annual income of their spouses was higher than that of the national average for regularly employed male workers in Japan. The comparison of time budget on weekdays and that on holidays showed that the time spent for housekeeping and child rearing significantly decreased on holidays as compared with that on weekdays. In view of this, it is speculated that the spouses did house chores or participated in child rearing, the age of the spouses being almost the same and young. The work load of housekeeping and childrearing seemed to be lower for the participants on holidays than on weekdays. The decreased hours of housekeeping and child rearing on holidays may have contributed to the fact that working hours using a computer were unchanged even on holidays. Further investigation, involving a study of the time-use structure of spouses of home-based female workers is required.
It should be noted that the distribution of work time on holidays did not differ from that on weekdays, and that the mode of the relative frequency corresponding to work time zone occurred during night hours, such as around 22:00. The fact that non-employed, home-based IT workers often work during the night hours is supported by the previous questionnaire survey 7) . While such non-employed homebased female workers are required to balance their job with housekeeping and child rearing, night work is characteristically common to these workers. It appears that this is the case irrespective of the deadline urgency or work volume. This work pattern, however, should be reconsidered since it may have deleterious effects on the quantity and quality of sleep required for the recuperation process of fatigue 8) . It should also be considered that the average hourly wage reported from these participants was around 500 yen, lower than the minimum hourly wage in Japan. This elucidates the special conditions in which the IT work is done at home. The low income level by home-based IT work may put those whose spouses have a lower annual income in a more difficult condition.
The present study revealed the complex relationships between the length of work using a computer and the level of fatigue. When the participants finished their job after one o'clock at night, the level of fatigue doubled. On the other hand, even if the work time was extended to night hours, it did not significantly differ in the period between 24:00 and 25:00. This may suggest that the home-based workers felt fatigue due to working late at night, not due to the number of hours worked. Whether this finding is universal or not needs to be examined.
In this study, there was no significant correlation between the length of a main sleep and the degree of recovery or accumulation of fatigue. Thus, we reanalyzed the degree of recovery from fatigue and the degree of accumulated fatigue according to the daily frequency of sleep. The fact that the "degree of accumulated fatigue" was low despite a short nighttime sleep showed that home-based workers had taken a nap to compensate for it. They frequently noted in the time budget sheet that they fell asleep while putting their child to sleep. Furthermore, the fact that workers taking a main sleep plus two naps had the lowest "degree of accumulated fatigue" demonstrated the benefits of taking naps. However, it should be noted that taking a nap in the evening is known to decrease the quality of the subsequent nighttime sleep 9) . There was no significant difference in the "degree of accumulated fatigue" between the days of a main sleep alone and the days of a main sleep plus one nap. This may be explained by the fact that they had taken a nap for about 90 min during the daytime. A daytime nap of less than 20 min is known to have a substantial effect on decreasing fatigue [10] [11] [12] . As stated above, because home-based workers work at home, under their own management, the opportunities to take a nap when necessary appear to be an advantage in reducing fatigue. It is interesting to note that, although home-based workers are able to take a nap in a preferred time zone, the subjects of this study took a nap around 14:00, when the circasemidian cycle component 13) might had an influence, and had not taken it at around 19:00, known as a "the sleep forbidden zone 14) ". However, it should be noted that taking a nap at inappropriate times decreases the quality of a nighttime (main) sleep. It is important to investigate the efficacy of individual sleep strategies in relation to the various work patterns. There is a need to provide support for home-based IT workers in designing their work so as to avoid work hours extended to midnight hours and taking sleep patterns adapted to their individual conditions.
